Despite the interest in blood chemistry for studying ecological and pathological characteristics of birds, sources of variability such as age and captivity are poorly understood, and reference values usually are obtained from adult captive birds. We determined 15 plasma chemical variables for 164 free-living Egyptian Vultures (Neophron percnopterus) of three age groups (nestlings, subadults, and adults), and for 9 captive adults. Free-living subadults and adults exhibited identical plasma chemistry values. Nestlings had significantly higher levels of creatinine, urate, urea, triglycerides, calcium, phosphorus, and alkaline phosphatase (AP) than both free-living subadults and adults, but lower values of glucose and aspartate aminotransferase (AST). Captive adults had significantly higher levels of total protein, albumin, creatinine, urate, cholesterol, calcium, phosphorus, and AST than free-living adults, which we attribute to differences in diet quality and physical activity. We conclude that future studies should consider age as a major source of variability in avian plasma chemistry, and that results obtained from captivity should be used cautiously to interpret plasma chemistry in the study and rehabilitation of wild birds.
INTRODUCTION
Many studies have attempted to determine normal values for plasma metabolites and enzymes of raptors and other wild bird species, and these data are of ecological, metabolic, taxonomic, and veterinary interest (Lewandowski et al. 1986 , Redig 1991 , Ferrer 1993 ). However, wideranging applications of plasma chemistry to the study and management of free-living, often vulnerable, populations of birds are still limited. Reference values are available only for less than 5% of bird species, and factors affecting variability of plasma biochemistry values are poorly known (Ferrer 1993 Stocks of wild birds kept in farms, research centers, and zoos have been the primary source for establishing plasma reference levels, and these profiles used to establish inferences about wild populations could be biased by factors associated with captivity. Perry et al. (1986) found that captive Canvasbacks (Aythya valisineria) had higher albumin values, but lower cholesterol, alkaline phosphatase (AP), and L-lactate dehydrogenase (LDH) than did free-living subjects, the differences being attributed to increased stress of wild ducks during handling. However, dramatic differences between captive and wild birds could be expected in other species, as many metabolic and enzymatic values can be influenced by such factors as activity level and muscle tone (Bell and Significant age-related differences in creatinine, urate, urea, triglycerides, calcium, phosphorus, AE AST, and glucose values were detected (Table 1) . Because glucose was significantly correlated with body weight in other studies (Gonzalez and Hiraldo 1991, Jenni-Eiermann and Jenni 1994), we tested whether body weight was responsible for the age-related trend found in our study: lower concentration in nestlings than in subadults or adults (Table 1) . A linear regression of glucose on body weight showed a weak but highly significant relationship (I = 0.28, P < 0.001, n = 154). The combined effects of age and weight on glucose were then examined by analysis-of-variance with age as a categorical main effect, and weight as a covariate. Body weight and glucose levels showed a significant covariation (F,,,,, = 7.6, P < O.Ol), but significant differences among age groups were retained (F,,,,, = 16.9, P < 0. 0-1,094.4) Our results indicate that the profile of plasma chemistries of the Egyptian Vulture was modified largely from nestlings to subadults, and then remained virtually stable in adults. Changes with age in some chemical variables such as urate and AP appear to be in common with those in other wild bird species, whereas other trends do not. Clearly, age-related effects on plasma biochemistry of birds have been largely overlooked, and this factor should be considered in future studies. In addition, many differences were detected between free-living and captive Egyptian Vultures, and even between captive studies, and these differences are attributed to variation in diet quality and physical activity. Other researchers suggested that handling stress (Perry et al. 1986), amount of food ingested (JenniEiermann and Jenni 1994), and feeding pattern (Montesinos et al. 1997 ) also are potential sources of plasma chemistry variability between free-living and captive conditions. Therefore, care should be taken in using values from captive birds to interpret plasma chemistry of wild
